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The compound weather-
vanes of nanotechnology
The financial market’s enthusiasm for nanotech-
nology has not initially helped in picking its bell-
wether flock.  Yet while traditional compound
semiconductor companies keep a weather eye on
nano dimensions and devices, some equipment
makers are quietly making hay.
On 1st April this year, Merrill Lynch
chose to launch its Nanotech Index
(NNZ). The Fool’s day has not always
been auspicious for those in high places.
The brokerage firm took the classic 
nanotech definition as “working with
components smaller than 100nm” and
said that inclusion in the list required
companies to have a significant percent-
age of future profits tied to nanotech.
The initial list of 25 com-
panies was spread
through semiconductors,
biotech, instrumentation,
sensors, diagnostics, drug
delivery & development,
genomics and materials
(Table 1).A breakdown
shows that seven were
materials companies
(28%); five instrumenta-
tion (20%); and three in
semiconductors (12%).
Known names for the
compound sector includ-
ed: Applied Films, Cabot
Microelectronics, Emcore,
FEI, JMAR Technology,
Nanometrics, Nanophase,
Symyx, Ultratech and
Veeco.
Two weeks later, company
and customer ‘feedback’
and the publicised com-
plaints of maverick ana-
lyst/broker, Manuel Asensio to the New
York State Attorney General and Merrill
Lynch, had Merrill revising the list.
Among Asensio’s main objections was
that NVEC was not primarily in nano-
tech, and that while the Index NNZ was
not tradable, inclusion of those stocks in
the index had a “material effect” on the
prices and volumes of 24 of the Index’s
25 stocks.
In Merrill Lynch’s subsequent revised list-
ing, Applied Films, Emcore,
Nanometrics, Caliper Life
Sciences,Three Five, and
Universal Display are all out
(possibly to their relief).
NVEC is stubbornly retained
(with its interesting NRAM
licenses to Cypress,
Motorola and IBM.) 
Companies that now emerge
into the spotlight are
CombiMatrix (lab-on-chip),
Novavax (biopharmaceuti-
cals) and Tegal (plasma
etch).Then, citing a ticker
error, Merrill dropped Cabot
Microelectronics (polishing
slurries) to add Cabot Corp
(micro-powders).
Merrill spokeswoman, Susan
McCabe said:“We changed
the criteria to make them
more transparent.” Now to
be included in the index, a
company must “indicate in public docu-
ments that nanotech initiatives represent
a significant component of their future
business strategy.”
Well, the finance community had as
many problems with IT listings, and
while compound semiconductor compa-
nies from A&N to Zygo corporations 
Gail Purvis
Molecular Imprint’s  S-FIL Imprio 100  In
May, the National Institute of Standards and
Technology approved funding for develop-
ment of S-FIL with $17.6m to a group of
companies working on the imprint approach
developed at MII. The funds will be com-
bined with $19.1m in cost-sharing funds
contributed by MII and partners, including
KLA-Tencor, Photronics, Motorola Labs and
University of Texas, Austin.  Support work is
needed to extend imprint lithography to
leading-edge semiconductors, where align-
ment is a critical.Early MII customers have
used the systems for compound semicon-
ductors, MEMS devices and applications
where alignment demands are less precise
than in leading-edge CMOS devices.
Analyst view:
Defining a field that
cuts across chem-
istry, biotechnology
and engineering is
challenging.
"Without a stricter
definition, it's hard to
figure out what's in
and what's out of the
circle. You could
define the whole
semiconductor indus-
try as nano- tech."
Alexander Wong,
Apax Partners, ven-
ture funds.
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naturally keep a weather eye on nan-
otechnology, an implicit part of the ever
shrinking device and chip, it is the
‘enabling’ contingent of equipment and
instrumentation makers whose take-off
implies increased, and hopefully success-
ful, compound nano activity.
One such is Texas-based Molecular
Imprints Inc.This manufacturer of step
and flash imprint lithography (S-FIL)
equipment, started in 2001, winning early
SBIR and DARPA contracts.At the end of
2003, thanks to campaigning by co-
founders, Grant Willson and S V
Sreenivasan, with MII investor and strate-
gic partner, Neil Richardson of KLA-
Tencor, and strategic partner Doug
Resnick of Motorola, MII’s process has
been included in the International
Technology Roadmap for
Semiconductors, as a potential alternative
to optical lithography at the 32nm node.
“It is clear to us that a range of emerging
technologies and markets, optoelectron-
ics, photonics, RF, bio, packaging, display
and high speed devices all have a
requirement for nanolithography,” says
MII president and CEO, Dr Norman
Schumaker.“The view of lithography has
changed to a new way of looking at
devices. Lithography has always been 
sacrificial or washed off. Now lithogra-
phy becomes part of the device, and can
change device characteristics, such as
conductance, mechanical strength or
colour.”
MII’s first of two US Imprio 100 sales (at
around $1.5m/system) was to Motorola
Labs last year. The Lab uses the tool for
advanced device research in the areas of
novel compound semiconductors, molec-
ular electronics, photonic and optical
devices.The machine offers high resolu-
tion, sub-micron alignment, and 3-D repli-
cation, handle up to 200mm wafers, with
fine alignment to 250nm, 3 sigma.
“We’ve been working together for two
years, and now hope to realise a break-
through in a lithographic technique that
will enable smaller, faster future devices,”
says Laura Siragusa, director of Advanced
Processing/Characterisation. Resnick,
Lithography & Etch section manager
adds the telling comment,“The Imprio
100 uses an appealing technology, with
the potential
for significant
lower cost of
ownership.”
Magic words,
those.
MII’s first
export has been to South Korea’s new
National Nanofab Center at the Korea
Institute of Science and Technology 
this year.
MII has also
focused care-
fully on its VC
funding and
distribution
strategy reach-
ing a collabora-
tive investment and exclusive distribu-
tion deal in Japan with Tokyo based
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Kamil Ekinci of Boston University,
Massachusetts and co-workers have
calculated the ultimate limits to the
sensitivity of NEMS scales or mass
sensors, and find that they should be
capable of registering the weight 
of a single hydrogen atom (about
10-24 g). Ekinci's team is working
with a nanoscale arm vibrating at a
frequency that changes when a par-
ticle gets stuck to it. The researchers
find that, for a small enough meas-
urement bandwidth, a NEMS res-
onator should be able to distinguish
a mass change of just a few daltons
(one dalton is a twelfth the mass of
a 12C atom) above the thermal noise,
even at room temperature. The
NEMS mass sensors are not just that
extremely sensitive, but have a huge
dynamic range: and can weigh
multi-million-atom viruses as well as,
in principle, molecules with just a
handful of atoms. 
NEMS weighs in molecules
Table 1 Index Constituents (3/19/04) 
Company Ticker Speciality Market Cap ($M)
Amcol International ACO Materials 486
Applied Films AFCO Materials 470
Altair Nanotechnologies ALTI Materials 95
Biosante Pharmaceuticals BPA Nano Biotech 66
Caliper Life Sciences CALP Instrumentation 187
Cabot Microelectronics CCMP Materials 1,052
Emcore EMKR Semiconductors 160
FEI FEIC Instrumentation 704
Flamel Technologies FLML Materials 477
Headwaters HDWR Energy 752
JMAR Tech JMAR Semiconductors 63
MTS Systems MTSC Instrumentation 554
Nanometrics NANO Instrumentation 187
Nanophase Technologies NANX Materials 143
Nanogen NGEN Nano Biotech 189
NVE Corp NVEC Intellectual Property 208
Universal Display PANL Imaging 287
Pharmacopeia ACCL Nano Biotech 472
SkyePharma SKYE Nano Biotech 739
Symyx Technologies SMMX Materials 881
Three-Five Systems TFS Imaging 125
Harris & Harris TINY Venture Capital 187
Ultratech UTEK Semiconductors 506
Veeco Instruments VECO Instrumentation 757
Westaim WEDX Venture Capital 175
Sources: ML TechStrat and Factset
Mechanical view:
"Quantum dots are the 'ball bearings'
of the 21st century." Prof Paul O'Brien,
co-founder of NanoCo Technologies Ltd.
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Hakuto Co Ltd and two other investment
and collaboration deals with Carl Zeiss
SMT AG, and KLA-Tencor Corp to distrib-
ute MII’s advanced lithography systems
into Europe, through Zeiss LEO division,
and through KLA-Tencor to the US and
Asia’s silicon-based IC markets.
Brewer Science, supplying chemical solu-
tions and equipment for the microelec-
tronics and optoelectronics industries,
will be a distributor of the imprint 
materials and resists used in all of MII’s
nano-lithography systems, and is also an
investor in MII’s Series B funding round,
joining with Lux Capital, and Harris &
Harris Group Inc, as well as Draper
Fisher Jurvetson,Alloy Ventures, and
Motorola in raising the $30m funding.
In Europe the wafer bonding and lithog-
raphy equipment EV Group, is another
pulling in significant orders from Asia-
based companies and institutions for
equipment used in the development of
nanotechnology and MEMS.According to
ATIP/Tokyo, total R&D spending for Asia-
Pacific governments has exceeded $1bn
during each of the last two years.
Similarly, orders from Asia-based facilities
for equipment with nanotechnology
applications have risen 52% in the past
12 months for the EV Group.
“As Asia is emerging as the centre for
nanotechnology research,” says CEO, Dr
Lawrence Berkeley National Laboratory scientists have
transformed carbon nanotubes into conveyor belts
capable of ferrying atom-sized particles to microscopic
worksites. By applying a small electrical current to a
carbon nanotube, researchers moved indium particles
along the tube like auto parts on an assembly line.
Their  research lays one of the components for  high-
throughput construction of atomic-scale optical, elec-
tronic,  and mechanical devices that will power the
burgeoning field of nanotechnology.
“We’re not transporting atoms one at a time anymore —
it’s more like a hose,” says Chris Regan of Berkeley Lab’s
Materials Sciences Division working with scientists in the
University of California at Berkeley’s Department of
Physics, where much of the work was conducted.
The ability to shuttle a stream of particles to precise loca-
tions has stymied the efficient assembly of nanostruc-
tures. Able to simultaneously deliver millions of atoms to
millions of sites by simply by mixing chemicals this fast
technique has  remained too blunt to build  atomic-scale
devices. At  the other end of the spectrum is the ability
to manipulate individual atoms, an IBM feat in 1990
when its researchers spelled out the company logo by
positioning 35 xenon atoms with an STM. Precise, this
technique is painstakingly slow. The new development
combines incredibly precise localisation with something
that has a higher throughput the research team ther-
mally evaporated indium metal onto a bundle of carbon
nanotubes. The amount of  evaporated metal is so small
it populates the tubes’ surfaces as isolated indium crys-
tals, instead of uniformly coating them. 
The bundle is then placed inside a TEM, where a tung-
sten tip mounted on the end of a nanomanipulator
approaches one nanotube. After physical contact is
made between the tip and the free end of the nanotube,
voltage is applied between the tip and the other end of
the nanotube, creating a circuit. This sends an electrical
current through the nanotube, which generates thermal
energy that heats the indium particles.  If the voltage
and thermal energy are carefully controlled,  real-time
video of the nanotube’s surface shows an indium parti-
cle as it disappears, while the particle to its right grows.
Several seconds later, the newly enlarged particle also
disappears, replaced by another even further to the
right. Like squeezing the last bits of toothpaste from a
tube, particles to the left become smaller while those to
the right grow.
The thermally driven indium atoms inchworm along the
nanotube, momentarily occupying a reservoir where a
particle is located, and then moving to the next, until all
of the indium piles up at the end  of the nanotube. . If
the voltage is slightly increased, the indium’s tempera-
ture increases, and the metal moves from left to right
more quickly. Indium can be repeatedly moved back and
forth along the nanotube without losing a single atom.
Nothing is lost in transit. This conservation of mass occurs
because the atoms don’t evaporate from the system dur-
ing their journey — an advantage in any process meant
to deliver valuable material to a worksite. Instead, the
atoms hug the nanotube’s  surface as they move, teth-
ered by a process called surface diffusion.
Future conveyor belt technology
Thermally driven indium atoms inchworm along the nanotube conveyor belt 
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Peter Podesser,“the EV Group is emerg-
ing as the equipment supplier of choice,”
“Recent orders demonstrate our capabili-
ties to anticipate and react immediately
to changes in these fast-growing markets
- from volume production issues to the
highest levels of R&D.”
EV’s Asian portfolio includes the Korean
Micro Biochip Centre at Hanyang Uni-
versity taking an EVG precision align-
ment system for double-side lithogra-
phy, bond alignment, hot embossing
with substrate bonding capabilities.
KAIST the National Nano Fab Center in
Daejeon will take a precision alignment
system for double-side lithography, a
hot embossing system and a spray coat-
ing system to be operational by
October. In Singapore,
the Institute of
Bioengineering and
Nanotechnology has
ordered an EVG com-
bined system for spin
and spray coating and
developing; and a preci-
sion alignment system
for double-side lithogra-
phy; as well as a manual
wafer bonding system to
be installed in June.
China’s Tsinghua-
Foxconn Nanotech
Center at National
Tsinghua University,
Beijing, is there already,
with a resist coating sys-
tem, a develop system, a
cleaner, a precision alignment system for
double-side lithography and a hot
embossing and nano imprinting system
installed in June’03.
Moving to nano from
1946
FEI is one of Merrill’s stable, core selec-
tions, and has the endearing quality of a
long distance runner, having a history
back to 1946. Its latest nano claim to
fame comes from breaking the one
Angstrom image resolution barrier with a
FEI 200kV  Tecnai F20 ST TEM, and tech-
nologies which improve image resolution
developed by FEI and partner, CEOS Co.
This allows new TEM techniques such as
3D reconstruction with tomography,
scanning probe applications, or in situ
observation of specimen
responses to variations in
temperature, stress or
chemical environment, all
with sub-Angstrom resolu-
tions.
Prof Dr Hannes Lichte of
the Mathematics and
Natural Sciences faculty at
the Institute of Structure
Physics, Dresden Univer-
sity, commented enthusias-
tically,“For the first time,
the authors convincingly
show that in a Cs-correct-
ed TEM, by additional
reduction of energy
spread, and using a gun
monochromator, they
extend the total information limit to sig-
nificantly better than 0.1nm. From their
diffractograms, they are not far off the
theoretical limit of
about 0.07nm in at
least some direction.
Congratulations!”
“A long-time ongoing
dream, to achieve sub-
Angstrom resolution,
has now been
attained with a 200
kV TEM equipped
with a Cs-corrector
(developed by CEOS) and a monochro-
mator (developed by FEI).The success
is the result of the combination of
advanced components into one instru-
ment, to attain an unprecedented level
of resolution,” added Dr. Max Haider, co-
founder and MD of Corrected Electron
Optical Systems (CEOS) Co of
Heidelberg, Germany, which has been
concentrating on the development of
advanced correction systems for high-res-
olution electron microscopy.
“Our first quarter results (2004) high-
light our growth opportunities as the
leading supplier of tools for nanotech-
nology, as well as the breadth and diver-
sity of the markets we serve,” says Fei’s
Vahe A Sarkissian, chair, president and
CEO.“The record first quarter revenue
($105.1m) was aided by solid perform-
ance in the industry and institute mar-
kets which are driving nanotechnology
research, as well as growth from the
data storage market.
“Revenue from the semiconductor indus-
try was down compared with fourth
quarter, but orders
were strong from those
customers, giving us
five straight quarters of
increasing orders from
the semiconductor
market.”
FEI with $360m in rev-
enues provides tools
for nanotech to a range
of markets, including
materials science, life science, semicon-
ductors, and data storage. Its ion beam
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Dr. Norman E. Schumaker, President and CEO of Molecular Imprints, Inc has
over thirty-three years of semiconductor business operations and technical
management experience. Prior to MII, he established an inspection tool
company, nLine Corp in 2000, in Austin. He founded fabrication equipment
Emcore Corporation, and  as chairman, CEO, and president from its found-
ing in 1984 took it through to final IPO in 1996. Among his other abilities
was managing the New Materials and Technology Group at AT&T Bell
Laboratories.
Peter Podesser CEO and board member of wafer bonding and lithography
equipment supplier EV Group, headquartered in Schärding, Austria.
Multilingual, (German, English, French, Spanish and Portuguese) Podesser is
a global manager having worked in Austria, France, Germany, the US,
Singapore, China and Asia. He was the former chair and CEO of refractory
company, RHI Asia Pacific based in Singapore, and built RHI's business in
China.
Manufacturing view:
"The key to imple-
menting these [nano]
technologies … will be
the same as it always
has been -- containing
manufacturing costs
and making the
process cost effec-
tive."  Thomas Theis,
director of physical
sciences for IBM
Research. 
Research view:
For David Tennenhouse,
director of research for Intel
Corp "True nanotechnology
is now about integrating
diverse areas into a single
nanoscale technology."
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and electron beam products, DualBeam
systems, and automation software pack-
ages enable researchers and manufactur-
ers to fabricate and modify nanoscale
structures and  view and characterise
them in 3D to
atomic levels.
Precision
alignment
Less famous than
FEI, and a definite
newcomer, but
tucked into an
interesting niche, is
Attocube Systems.
Incorporated in
2001, the company
started develop-
ment in labs rented
from the Ludwig-
Maximilians-Univer-
sity, Munich. In
February 2002, it moved to rooms at the
Viktualienmarkt. Mid 2003 production
facilities were again  increased and now
total some 200m2. More than 10 staff
have skills  from semi-
conductor physics,
mechanical engineer-
ing, electronic engineer-
ing to different fields of
microscopy.
Attocube Systems
offers two main lines:
ultra-compact nano-pre-
cise positioning dev-
ices for linear and rota-
tional movement of
samples or probes.
These can be specified
for use under extreme
conditions as low tem-
perature, UHV and
magnetic fields and
are offered in dif-
ferent sizes and out
of a variety of 
materials.
The second line is
easy-to-use, highly
flexible, low tem-
perature SPMs
based on the reli-
able positioning
devices.The micro-
scopist can per-
form in-situ coarse
and fine position-
ing, smooth scan-
ning or auto focus-
ing any sample in
respect to any probes, at Millikelvin tem-
peratures or under high vacuum 
conditions.
In February this year, Infineon
Technologies AG, deposition tool supplier
Genus Inc, and the
University of Albany
Centre of Excellence in
Nanoelectronics signed a
$12m, three-year partner-
ship to develop atomic-
layer deposition (ALD)
technology for nanoscale
memory devices. Only
five days later electrical
test instrument manufac-
turer, Keithley
Instruments and Albany
NanoTech had formed a
partnership to provide a
semiconductor device
characterisation system to Albany
Nanotech.The system will  make meas-
urements on nano sized devices and
expects to impact numerous research
programmes at Albany NanoTech, as well
as providing Keithley with knowledge
for other products they develop.
Of all nano compounds, the earliest to
reach commercial visibility are the quan-
tum dots and wells that underlie a com-
pany like Quantum Dot Corporation.
Intriguingly however, QDC does not
want to talk about its ingenious, and pre-
sumably, compound dots. It has instead
opted to focus itself exclusively and
fiercely on the medical sector and the
medical press, to such an extent that one
hopes that compound and medical
cycles never get into phase together to
produce a double whammy.
The idle speculation that QDC 
might be tempted to outsource its QD
production however, was rapidly
rebuffed. But clearly for single market
contenders, outsourcing production
would allow for just that precision of
market focus, without the fuss or mess
of manufacture.
As nanotechnology starts to slightly
resemble the heady days of the dot.com,
the best brief is keep watching the
equipment and instrument suppliers.
They are probably the best weathervane
for where the nano commercial wind is
blowing.
SEM  results from MII’s  S-FIL Imprio 100 where first the etching is executed in silicon and 
subsequently imprinted 
Attocube Systems piezo electric, inertial motor
stage allows precise alignment where manual
access is undesirable or impossible. 
The easy handling allows plug and move.
IT view:
Software itself is becoming the
material structure: it is the con-
figuration of the molecules,
atoms and electrons. Change
their fundamental properties, and
the software changes. "In order
to program at this level, you have
to move the matter - there's just
no way around it." James C
Ellenbogen, senior principal sci-
entist, Nanosystems Group.
Pragmatic view:
"History showed that …
most of the fortunes
made weren't by the
gold miners, but by the
guys who sold the
enabling technologies:
picks, shovels, blankets,
tents, and dynamite."
Mark T Chapman. The
Motley Fool.
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